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RESUME 

Le  syndrome  de  desynchronisation  induit  par  le 
franchissement  repete  de  fiiseaux  horaires  ou  «jet 
lag»  induit  des  enjeux  non  negligeables  en  terme  de 
performance  et  de  securite  des  vols  lors  de 
deployments  rapides  de  forces.  Si  certaines 
solutions  physiques  et  pharmacologiques  ont  ete 
proposees,  1’ utilisation  de  la  melatonine  pourrait  a 
terme  se  concevoir.  Apres  un  revue  de  la 
litterature,  les  auteurs  mettent  en  exergue  les 
problemes  pratiques  encore  non  resolus  lies  a 
l’utilisation  de  cette  substance.  L’absence  de 
certitudes  scientifiques  rend  actuellement 
necessaire  une  certaine  prudence  avant  son  emploi 
dans  le  personnel  navigant. 

SUMMARY 

The  time  difference-related  desynchronization 
syndrome  commonly  called  "jet  lag"  raises  many 
issues  in  terms  of  performance  and  flight  safety 
during  rapid  military  deployments.  Of  several 
physical  and  pharmacological  solutions  recently 
proposed,  the  use  of  melatonin  is  generally 
considered  to  be  a promising  coping  strategy.  In 
this  literature  review,  the  authors  have  highlighted 
practical  unsolved  considerations  in  the  use  of 
melatonin.  A conservative  attitude,  especially 
about  its  use  in  aircrew,  currently  remains 
necessary  because  of  the  lack  of  scientific 
certainties. 

JET  LAG:  A SHORT  REVIEW 

The  time  difference-related  desynchronization 
syndrome  commonly  called  "jet  lag"  is  an 
experience  shared  by  millions  of  international 
travelers  each  year,  as  well  as  by  the  crews 


manning  the  aircraft  transporting  them.  In  the 
military  field,  jet  lag  may  impair  the  performance 
of  military  personnel  involved  in  a rapid  overseas 
deployment.  The  pathophysiology  of  jet  lag  is  not 
completely  elucidated.  Given  that  several  time 
zones  are  crossed  very  quickly,  local  time  upon 
arrival  is  not  the  same  as  local  time  at  the  point  of 
departure,  a calculation  to  which  journey  time  must 
be  added.  At  a physiologic  level,  the  time 
difference  induces  a state  of  desynchrony  in  the 
individual  temporal  structure  which  leads  to  various 
symptoms.51’33'24'16  The  symptoms  of  jet  lag  are 
represented  above  all  by  disruption  of  the  sleep- 
wake  cycle,  with  nocturnal  insomnia  and  diurnal 
drowsiness.33'44,45  Other  clinical  manifestations  can 
be  associated  with  it,  such  as  a sensation  of  unease, 
asthenia,  irritability,  diminished  physical  ig'2()"’‘!  and 
cognitive  performance,7  anxiety,  the  appearance  of 
depressive  phenomena,  and  finally  digestive 
disorders.52'8  These  symptoms  typically  appear 
after  a flight  crossing  five  or  more  time  zones,  and 
are  all  the  more  pronounced  the  greater  the  number 
of  zones  crossed.  The  direction  of  the  flight  is 
significant;  an  eastward  flight,  which  demands  an 
advance  in  the  sleep  phase,  is  less  well  tolerated 
than  a westward  flight,  which  demands  a delay  in 
phase.  Overall  resynchronization  capacity  is 
estimated  at  1 hour  per  day  for  an  eastward  journey, 
compared  with  1 hour  and  a half  per  day  for  a 
westward  journey.21,8  Individual  factors  are  also 
influential,  as  certain  personalities,  such  as  an 
“evening  person”  or  “owl,”  rather  than  a “morning 
person”  or  “lark,”18  as  well  as  youth,  favor  rapid 
resynchronization.31  Following  arrival,  the  conflict 
between  the  subject's  internal  circadian  rhythm  and 
the  action  of  external  synchronizers  in  the 
environment  fades  progressively,  as  natural  (light/ 
dark  cues)  and  social  (alternation  of  work/rest) 
synchronizers  reset  the  various  biological  rhythms 
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more  or  less  quickly.  Consequently,  various 
physiological  strategies,  possibly  combined 
together,  have  been  proposed  to  cope  with  jet  lag, 
with  physical  exercise,  bright  light  exposure,  and 
modification  of  dietary  intake  being  the  most  often 
cited.  Physical  exercise  generally  has  a positive 
impact,46  but  the  effect  of  bright  light  has  not 
convincingly  been  demonstrated,42  and  there  exists 
no  controlled  study  using  dietary  adjustment. 
Furthermore,  the  application  of  such  strategies  is 
not  always  compatible  with  social  activities. 
Gradually  modifying  bedtime  before  departure  is 
also  not  advisable  because  it  induces  symptoms  of 
jet  lag  before  the  journey. 

PHARMACOLOGIC  MANAGEMENT  OF  JET 
LAG 

Any  treatment  able  to  alleviate  jet  lag  and 
accelerate  the  resynchronization  of  biological 
rhythms  would  be  of  interest  in  terms  of  operational 
efficiency  for  the  military,  both  for  the  sense  of 
well-being  of  aircrew  and  travelers,  and  also  in 
view  of  flight  safety.  Existing  treatments  appear  to 
alleviate  the  symptoms  of  jet  lag  with  varying 
degrees  of  success.  Hypnotic  drugs  may  be  of 
benefit  to  avoid  sleep  disturbance.  Benzodi- 
azepines in  particular  have  been  extensively 
studied.  They  induce  sleep  and  offer  the  individual 
a subjectively  better  night,  but  possible  side  effects 
like  daytime  drowsiness,  lowered  performance  and 
anterograde  amnesia  are  concerning.  By  taking  the 
duration  of  action  into  account,  the  physician  may 
be  able  to  use  such  drugs  under  certain 
circumstances.46  Among  the  benzodiazepines, 
temazepam  has  received  the  most  attention  and 
seen  the  widest  operational  use.32  With  a very  short 
half  life,  zolpidem  seems  to  have  fewer  side  effects 
than  benzodiazepines,  and  has  been  proposed  to 
induce  anticipatory  or  recovery  sleep  in  aircrew.47 

Interestingly,  perhaps  due  to  their  restricted 
availability  in  many  countries,  stimulants  have  not 
been  studied  for  jet  lag  therapy.  Nevertheless, 
either  amphetamines  or  modafinil  could  be  of 
interest  to  sustain  vigilance  after  arrival  and  speed 
up  resynchronization.22  Caffeine  tablets  are 
generally  too  short-acting  to  sustain  vigilance  for 
the  entire  diurnal  period;  slow-release  caffeine 
offers  a valuable  alternative,  but  remains  to  be 
tested  in  this  context.23 


MELATONIN 
Main  Characteristics 

Melatonin  is  a natural  hormone,  derived  from 
serotonin,  which  is  secreted  by  the  pineal  gland 
primarily  during  the  hours  of  darkness. 
Melatonin  is  able  to  shift  various  biological 
rhythms  by  giving  the  internal  clock  an 
endogenous  signal  reflecting  light/dark 
alternation  in  the  environment;25  such  a property 
is  known  as  chronobiotic.14  Melatonin,  the 
secretion  of  which  is  stimulated  by  darkness  and 
inhibited  by  daylight,  permits  adjustment  of  the 
25  hour  periodicity  characteristic  of  the  suprachi- 
asmatic  nucleus  to  one  of  24  hours.  Thus,  the 
pineal  gland  resynchronizes  the  master  clock  in 
the  suprachiasmatic  nucleus  (SCN)  by  means  of 
melatonin.  The  circadian  rhythmicity  of  various 
hormonal  (e.g.,  cortisol),  vegetative  (e.g.,  core 
temperature,  sleep-wake  cycle)  and  behavioral 
(e.g.,  activity)  rhythms  is  then  strengthened.10 

The  effects  of  melatonin  are  widespread  but 
incompletely  understood.1  The  secretion  of 
melatonin  at  night  reinforces  the  nadir  of 
temperature and  coincides  with  sleep  and  low 
levels  of  cortisol  secretion.  It  is  clear,  however, 
that  melatonin  is  not  the  "sleep  hormone,"  given 
that  its  secretion  occurs  at  night  even  in  nocturnal 
species  such  as  rodents.  Melatonin  secretion  begins 
at  around  9-10  PM,  reaches  a peak  around  3 AM 
(50-70  pg.mf'  in  plasma),  and  disappears  at  around 
7-9  AM.  The  melatonin  secretion  profile  varies 
from  one  individual  to  another,  but  is  relatively 
constant  within  the  same  individual  from  night  to 
night.  The  melatonin  rhythm  is  not  very  sensitive 
to  masking  effects,  being  little  influenced  by 
external  stimuli  save  that  engendered  by  light.  The 
half-life  of  orally  administered  melatonin  is  35  to 
50  minutes;  its  major  (90%)  hepatic  metabolite  is  6- 
sulphatoximelatonin  which,  measured  in  the  urine, 
provides  a reliable  method  to  assess  the  quantity  of 
melatonin  secretion  in  a noninvasive  way. 

Toxicologic  studies  in  rodent  models  have  been 
unable  to  determine  an  LD50.  In  the  absence  of 
toxicity,  exogenous  melatonin  administration  at 
pharmacological  doses  has  been  earned  out  in 
humans  in  order  to  better  understand  its  physiologic 
role  and  to  determine  its  potential  therapeutic  use  in 
circadian  rhythm  disorders.  The  power  of  exoge- 
nous melatonin  resides  in  its  capacity  to  modify 
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endogenous  secretion  in  accordance  with  a phase- 
response  curve  in  a dose-dependent  manner,2515  and 
not  by  conventional  feedback.  Thus  a dose  of 
melatonin  taken  in  the  afternoon  or  evening  brings 
about  a phase  advance  - the  peak  of  endogenous 
melatonin  appears  earlier  and  circadian  rhythms  are 
brought  forward.  A dose  given  in  the  morning  or  at 
midday  entails  a phase  delay  - the  peak  of 
endogenous  melatonin  appears  later  and  circadian 
rhythms  are  postponed.27  The  strength  of  this 
chronobiotic  effect  is  still  under  debate  and  it  could 
be  less  important  than  previously  assessed.41  This 
point  needs  to  be  clarified  in  the  future,  since  it 
clearly  serves  as  the  physiologic  rationale  for  the 
potential  use  of  melatonin  as  a jet  lag  therapy. 

In  the  clinical  field,  melatonin  has  shown  some 
success  in  delayed  sleep  phase  syndrome,  insomnia 
in  the  elderly,  and  blindness-related  circadian 
disorders,45  although  the  timing  of  administration 
needs  to  be  optimized.20 

Melatonin  And  Jet  lag 

The  use  of  melatonin  in  preventing  and  treating  jet 
lag  has  been  investigated  by  relatively  few 
controlled  studies,2’3’4’10’13’28’34'35’36’37  one  of  which 
was  carried  out  under  simulated  conditions.4’  To 
our  knowledge,  the  use  of  a melatonin  agonist  in  the 
context  of  a jet  lag  protocol  has  not  been  published 
to  date.  The  dose  of  melatonin  used  in  these  studies 
ranges  from  5 to  1 0 mg,  with  5 mg  being  the  most 
commonly  used.  Administration  of  the  agent  varies 
between  studies;  the  duration  of  treatment  ranges 
between  3 and  9 days,  beginning  3 days  before  the 
flight  at  the  earliest,  and  the  day  after  the  flight  at 
the  latest,  and  ending  3 to  4,  or  even  5 to  7,  days 
after  the  flight.  In  fact,  prophylactic  administration 
which  takes  place  too  prematurely  may  lead  to 
drowsiness  due  to  melatonin's  sedative  properties.5 
The  time  when  the  treatment  is  taken  must  be 
regular,  in  that  before,  during,  and  after  the  journey, 
it  must  correspond  to  bedtime  in  the  country  of 
destination.  For  an  eastward  flight,  preventive 
doses  will  be  taken  in  the  late  afternoon  to  achieve 
pre-synchronization,  i.e.,  to  induce  a phase  advance. 
Upon  arrival,  the  treatment  is  taken  at  bedtime. 
Theoretically,  a pre/post  flight  administration 
should  be  more  efficient  than  a simplified  protocol 
of  post  flight  administration  only,  but  study  results 
remain  inconclusive  on  this  point.  A significant 
alleviation  of  jet  lag  symptoms  through  the  use  of 
melatonin  has  been  demonstrated  in  the  course  of 
these  studies,  but  assessments  were  almost  always 


subjective,  using  a sleep  log,  and  visual  analogue 
scales  for  jet  lag  tolerance,  alertness,  asthenia,  and 
mood.  The  most  objective  studies,  using  actigraphy 
and/or  performance  tests,33’14  demonstrated  an 
increase  in  sleep  duration  and  a faster 
resynchronization  of  subjects'  rhythms  (sleep-wake 
cycle,  endogenous  melatonin  rhythm,  temperature 
rhythm)  when  using  melatonin  compared  to 
placebo.  Cognitive  and  psychomotor  performance 
of  treated  subjects  were  shown  to  be  better  than 
those  of  subjects  receiving  placebo.14  Physical 
strength  has  never  been  evaluated  in  any  study. 

It  should  be  noted  that  a small  percentage  (-10%) 
of  subjects  feel  "worse"  with  melatonin,  probably 
due  to  an  administration  timetable  that  is  poorly 
adapted  to  the  circadian  clock  of  these  subjects.4'36 
Interindividual  variations  in  the  flexibility  of 
temporal  organization  may  also  account  for  such 
results.  Ideally,  physicians  should  assess  the 
potential  impact  before  giving  any  chronobiotic 
drug  to  a subject.6  The  majority  of  subjects 
experienced  no  side  effects  during  these  studies. 
However,  drowsiness  may  appear  30  minutes  after 
taking  5 mg  of  melatonin  and  may  last  approxi- 
mately 1 hour.  ’ According  to  Arendt,  only  higher 
doses  of  50  and  80  mg  of  melatonin  have 
demonstrated  a clear  hypnotic  effect,1  although 
Sack  argues  that  there  is  a dose-response  effect  on 
sleep  starting  with  lower  supraphysiologic  doses.40 
Dollins  et  al.  agree  that  supraphysiologic  levels  of 
urinary  6-sulfatoxymelatonin  are  associated  with 
cognitive  performance  impairment.17  In  jet  lag 
studies,  other  minor  side  effects  like  nausea  and 
headache  have  also  been  observed.4  Recently, 
irregular  sleep-wake  cycle  related  to  more 
prolonged  melatonin  intake  has  been  described  by 
Middleton  et  al.2  Comperatore  et  al  have  tried  to 
address  the  question  of  the  grounding  time  of 
personnel  after  melatonin  administration,  and  have 
noted  that  this  grounding  period  should  not  exceed 
the  time  necessary  for  spontaneous  resynchroni- 
zation. They  advised  a 16  to  24  hour  grounding 
time  after  a single  administration  of  10  mg  at  2300 
hours.  A recovery  sleep  may  shorten  this  duration. 

CONCLUSION 

The  previous  cited  studies  have  shown  that 
melatonin  likely  has  an  impact  on  jet  lag  symptoms, 
and  demonstrate  the  presence  of  a chronobiotic 
effect,  albeit  a weak  one.  The  potential  usefulness 
of  a compound  like  melatonin  for  military 
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deployments  is  obvious.  Scientific  literature  has 
not  yet  provided  clear  answers  to  a number  of 
practical  considerations  that  need  to  be  clarified: 

- Administration  timetable  is  still  uncertain. 

- Optimal  dose  is  still  to  be  identified;  lower  doses 
than  those  previously  tested  may  be  of  interest, 
perhaps  3 to  5 mg  maximum. 

- Benefits  in  terms  of  sleep-wake  resynchronization 
and  performance  sustainment  should  be 
confirmed. 

- Side  effects,  especially  transitory  drowsiness, 
need  to  be  clearly  assessed,  particularly  if  one  is 
considering  drug  administration  to  active  aircrew, 
and  not  just  to  passengers  during  the  flight. 

Future  collaborative  studies  should  address  these 
questions  before  the  optimal  use  of  melatonin  in  the 
context  of  military  operations  can  be  ascertained. 
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